AMPLIFYING CIRCUIT WITH VARIABLE LOAD DRIVABILITY 



Field of the invention 

5 The present invention relates to an amplifying circuit, 

and, more particularly, to a 2-stage amplifying circuit that 
has variable load drivability responding to load conditions 
and smaller power consumption. 

10 Description of the prior art 

In a conventional 2-stage as shown on Fig. 1, input 
voltage is applied to non-inverted input (IN) , and the output 
(OUT) of the amplifying circuit is input to inverted input 

15 (INC) as negative feedback. Therefore, the circuit operates as 
a buffer, delivering input voltage (IN) as output signal (OUT) 
without change. Although not shown on Fig. 1, the load 
(capacitive or resistive) driven by the amplifying circuit is 
connected to the output (OUT) . 

20 Fig. 2 shows the result of simulation for input signal 

(IN) and output signal (OUT) when a capacitance load of lOOpF 
is connected between the output (OUT) and the ground (VSS) of 
the 2-stage amplifying circuit, with source voltage (VDD) of 
5V. Fig. 3A and Fig. 3B are magnified views of region A and 

25 region B of Fig. 2. When a square wave of varying levels from 
0.1 to 4.9 is applied as input signal (IN), it can be seen 
that there is a delay of about 10 jjsec for the output signal 
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(IN) to reach the level of the input signal (IN). This delay 
time is called "settling time" for amplifying circuit, and is 
one of the important performance characteristics of an 
amplifying circuit, determined by the load capacitance, 
5 consumption current and phase of the amplifying circuit. 

In general amplifying circuits, the load capacitance 
connected to the output is fixed, and the amplifying circuit 
is designed to have a settling time that is optimal for the 
fixed load condition. 

10 For example, when a capacitive load of lOnF is connected 

to the output (OUT) of the amplifying circuit in Fig. 1, the 
amplifying circuit will have a settling time of more than 30 
psec, as shown on Fig. 4, Fig. 5A and Fig. 5B. Therefore, in 
order to reduce the settling time to 10 ]asec for a amplifying 

15 circuit with 10 nF of capacitive load, it is necessary to 
increase the size of the output transistors (P5, N5) shown on 
Fig. 1. 

If the size of the output transistors (P5, N5) is more 
than quadrupled for the purpose of reducing the settling time 

20 of the amplifying circuit, settling time is reduced to 20 jjsec 
as shown on Fig. 6, Fig. 7A and Fig. 7B, but the consumption 
current is increased by more than three times. 

As described above, in a system where load capacitance is 
varying between lOOpF and lOnF, increasing the size of the 

25 output transistor of the amplifying circuit can reduce the 
settling time to a satisfactory level. However, this solution 
is difficult to use for a low power system, like mobile 
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electronics, because the power consumption of amplifying 
circuit is increased . 

Summary of the invention 

5 

In order to solve the above-described problems, it is, 
therefore, an object of the present invention to provide an 
amplifying circuit, which enables variable load drivability 
responding to load conditions, and drives variable load 

10 without increasing power consumption. 

In accordance with an aspect of the present invention, 
there is provided an amplifying circuit that can change load 
drivability responding to load conditions, and reduce power 
consumption. The amplifying circuit according to the present 

15 invention comprises an amplifying means that amplifies input 
signals a first time to generate a first and a second 
amplified signals through a first and a second transistors, 
and further amplifies the first and second amplified signals 
once again through a third and a fourth transistors, for final 

20 outputs; a detecting means for detecting the first and second 
amplified signals from the amplifying means and generating a 
first and a second detection signals; and a load drivability 
control means that is controlled by the first and second 
detection signals from the detecting means to change load 

25 drivability of the amplifying means. 

The amplifying circuit according to the present invention 
has the advantage of reducing settling time by detecting 
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changes when there are changes in the input signal and 
increasing load drivability, and reducing power consumption by 
detecting no changes in the input signal. 

5 Brief description of the drawings 

The above and other objects and features of the instant 
invention will become apparent from the following description 
of preferred embodiments taken in conjunction with the 
10 accompanying drawings, in which: 

Fig. 1 is a schematic of conventional 2-stage amplifying 
circuit; 

Fig. 2 is a waveform diagram of conventional 2-stage 
amplifying circuit ; 
15 Fig. 3A and Fig. 3B are magnified views of region A and 

region C of Fig. 2; 

Fig. 4 is a waveform diagram of the 2-stage amplifying 
circuit when load capacitor has a capacitance of 10nF;- 

Fig. 5A and Fig. 5B are magnified views of region C and 
20 region D of Fig. 4; 

Fig. 6 is a waveform diagram of the 2-stage amplifying 
circuit when the size of the output transistor is changed to 
four times the original size; 

Fig. 7A and Fig. 7B are magnified views of region E and 
25 region F of Fig. 6; 
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Fig. 8 is a schematic of a 2-stage amplifying circuit 
with variable load drivability according to the present 
invention; 

Fig. 9 is a waveform diagram of the 2-stage amplifying 
5 circuit according to the present invention; 

Fig. 10A and Fig. 10B are magnified view of region G and 
region H of Fig. 9; and 

Fig. 11 is a waveform diagram of the 2-stage amplifying 
circuit of Fig. 8, according to the present invention. 

10 

Detailed Description of the Preferred Embodiments 

Hereinafter, preferred embodiments of the present 
invention are described in detail with reference to the 
15 drawings, so that those skilled in the art can easily 
under stand . the technical idea of the present invention. 

Fig. 8 is a schematic of a 2-stage amplifying circuit 
according to an embodiment of the present invention. 

In Fig. 8, the 2-stage amplifying circuit according to 
20 this embodiment is provided with an amplifying means (100) for 
outputting received input signals (IN) to the output stage 
(OUT) without change, a detecting means (200) for generating 
detection signals as it detects voltage levels in the input 
signals (OUT.l, OUT2) to the output transistors of PMOS type 
25 (P5) and NMOS type (N5) of the amplifying means (100), and a 
load drivability control means (300)' for changing the load 
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drivability of the amplifying means (100) in response to the 
detection signals from the detection means (200). 

The amplifying means (100) is a 2-stage amplifying 
circuit that first amplifies input signals (IN), outputs them 
5 as stage-1 amplified signals (OUT1, 0UT2) through the PMOS 
transistor (P4) and the NMOS transistor (N4), and amplifies 
them once again through another PMOS transistor (P5) and 
another NMOS transistor (N5), and outputs them through the 
output stage (OUT) . Its configuration and operation is the 

10 same as that of the 2-stage amplifying circuit shown on Fig. 1. 

The detecting means (200) comprises two Schmitt-trigger 
means (31,32) that detect voltage level changes in the input 
signals (OUT1, OUT2 ) to the output transistors of the 
amplifying means (100) (NMOS transistor (N5) and the PMOS 

15 transistor (P5)), and an exclusive OR gate (33) and an 
inverter (34) that receive the outputs from the Schmitt- 
trigger means (31, 32) and output detection signals (BSTX, 
BST) to control the load drivability control means (300). 

The first and second Schmitt-trigger means (31, 32) 

20 output a low level signal (ground level) when the input 
signals (OUT1, OUT2) become the same level as that of the gate 
signal (T2) , i.e. the input signal to the PMOS transistor (P4) 
that outputs amplified signal (OUT2). The first and second 
Schmitt-trigger means (31, 32) output a high level signal 

25 (source voltage level) when the input signals (OUT1, OUT2) 
become the same level as that of the gate signal (Tl), i.e. 
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the input signal to the NMOS transistor (N4) that outputs 
amplified signal (0UT1) . 

The load drivability control means (300) comprises a 
first control means (310) that is driven by the detection 
5 signal (BST) of the detection means (200) and increases the 
drivability of the .output transistor (P5) of the amplifying 
circuit, and a second control means (320) that is driven by 
the detection signal (BSTX) of the detection means (200) and 
increases the drivability of the output transistor (N5) of the 
10 amplifying means (100) . 

The first control means (310) comprises an NMOS 
transistor (N6) and a PMOS transistor ( P7 ) that function as 
switches, and a PMOS transistor (P8) that increases the load 
drivability in cooperation with the output transistor (P5) of 
15 the amplifying means (100) using the first amplified signal 
(OUT1) as the gate input. 

The second control means (320) comprises an NMOS 
transistor (N7) and a PMOS transistor (P6) that function as 
switches, and an NMOS transistor (N8) that changes the load 
20 drivability in cooperation with the output transistor (N5) of 
the amplifying means (100) using the second amplified signal 
(OUT2) as the - gate input. 

The output transistors of the load drivability control 
means (300), i.e. PMOS transistor (P8) and the NMOS transistor 
25 (N8), have a size not less than four times that of output 
transistors of the amplifying means (100), i.e. the PMOS 
transistor (P5) and the NMOS transistor (N5) . 
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The operation of the amplifying circuit with variable 
load drivability is described in the following, with reference 
to the input/output waveform diagram in Fig. 9, Fig. 10A and 
Fig. 10B, and the operational waveform diagram in Fig. 11. 
5 First, when the input signal level (IN) to the amplifying 

circuit does not change, as in the settled region A, the 
amplified signal (OUT2) outputted from the PMOS transistor 
(P4) stays at the level of the gate signal (T2) of the PMOS 
transistor (P4), and the amplified signal (0UT1) outputted 
10 from the NMOS transistor (N4) stays at the voltage level of 
the gate signal (Tl) . Therefore, the two Schmitt-t rigger 
means (31, 32) respectively output high level signals of 
source voltage (VDD) level and low level signals of ground 
level. 

15 Therefore, the detecting means (200) generates a high 

level detection signal (BSTX) and a low level detection signal 
(BST) respectively, through an exclusive OR gate (33) and an 
inverter (34), and provides them to the load drivability 
control means (300) 

20 At the load drivability control means (300), the first 

control means (310) disables the PMOS transistor (P8) by 
turning on the PMOS transistor (P7) in response to the low 
level detection signal (BST) , and the second control means 
(320) disables the NMOS transistor (N8) by turning on the NMOS 

25 transistor (N7) in response to the high level detection signal 
(BSTX) . 



Also, because the amplified signals (0UT1, 0UT2) are no 
longer delivered to the gate inputs of the PMOS transistor 
(P8) and the NMOS transistor (N8) when the NMOS transistor 
(N6) and the PMOS transistor (P6) are turned off, the 
5 amplified signal from the PMOS transistor (P5) and the NMOS 
transistor (N5) of the amplifying means (100) are output 
through the output stage (OUT) . 

Next, when the input level of the amplifying circuit (IN) 
is greatly increased and fast operation of the output stage of 

10 the amplifying circuit is required, if the voltage at the 
output (OUT) is smaller than the voltage at "the input (IN), as 
in region B of Fig. 11, the amplified signals (OUT1, OUT2) are 
lowered to the ground level (VSS) . 

Therefore, the Schmitt-trigger means (31) maintains the 

15 high level signal of source voltage ( VDD) and the Schmitt- 
trigger means (32) generates the high level signal of source 
voltage (VDD). And the exclusive OR gate (33) and the inverter 
(34) respectively generates a low level detection signal 
(BSTX) and a high level detection signal (BST) . 

20 At the first control means (310) of the load drivability 

control means (300), the PMOS transistor (P6) is turned on by 
the low level detection signal (BSTX) , and the amplified 
signal (OUT1) is delivered to the gate input of the NMOS 
transistor (N8). At the second control means (320) of the load 

25 drivability control means (300) , the NMOS transistor (N6) is 
turned on by the high level detection signal (BST) , and the 
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amplified signal (0UT2) is delivered to the gate input of the 

PMOS transistor (P8) . 

Therefore, the size of the output stage transistors of 

the amplifying circuit becomes the sum of the sizes of all the 
5 PMOS transistors (P5, P8) and the NMOS transistors (N5, N8), 

which greatly increases the load drivability of the amplifying 

circuit, and greatly reduces the settling time compared with 

the conventional amplifying circuit, as shown on Fig. .9, Fig. 

10A and Fig. lb. The PMOS transistor (P7) and the NMOS 
10 transistor (N7) of the load drivability control means (300) 

are turned off by the detection signals ( BST , BSTX) . 

When the load capacitor is charged, and the output (OUT) 

of the amplifying circuit approaches the level of the input 

signal (IN) , and the output signal (OUT) settles at the input 
15 signal level (IN), the amplified signal (0UT2) returns to the 

voltage level of the node (T2) from the ground level (VSS) . 

Therefore, when the level of the input signal (IN) does 

not change (region A) as described above, the output signal of 

the Schmitt-trigger (32) changes to a low level signal of 
20 ground level (VSS) . This turns off the PMOS transistor (P8) 

and the NMOS transistor (N8) of the load drivability control 

means (300) and reduces power consumption greatly. 

Next, when the input signal level (IN)' is lowered, like 

the region D in Fig. 11 where the output signal level (OUT) is 
25 greater than the input signal level (IN), the amplified signal 

(0UT1) approaches the source voltage level (VDD) , and the 



Schmitt-trigger means (31, 32) output high level signals of 
source voltage (VDD) . 

Accordingly, the exclusive OR gate (33) and the inverter 
(34) respectively output a low level detection signal (BSTX) 
5 and a high level detection signal (BST) , and the PMOS 
transistor (P6) and the NMOS transistor (N6) of the load 
drivability control means (300) are turned on. 

Therefore, the size of the output stage transistor of the 
amplifying circuit becomes the sum of the sizes of all the 

10 PMOS transistors (P5, P8) and all the NMOS transistors (N5, 
N8), which greatly increases the load drivability of the 
amplifying circuit, and greatly reduces the settling time 
compared with the conventional amplifying circuit, as shown on 
Fig. 9, Fig. 10A and Fig. lb. 

15 When the load capacitor is discharged fast, the output 

signal level (OUT) of the amplifying circuit approaches the 
input .signal- level (IN), and the output signal (OUT) settles 
at the level of input signal (IN) as in region E in Fig. 11, 
the amplified signal (OUT1) returns to the level of node (Tl) 

20 from the source voltage level (VDD) . 

Therefore, when the level of the input signal (IN) does 
not change (as in region E) , the output signal of the Schmitt- 
trigger (31) changes to a high level signal of ground level 
(VDD) . This turns off the PMOS transistor (P8) and the NMOS 

25 transistor (N8) of the load drivability control means (300) 
and reduces the power consumption greatly. 



• In this embodiment of the present invention, the maximum 
current through the transistors (P5, N5, P8, N8) is decided by 
the W/L size of these transistors, which means that the 
settling time is decided by these transistors. Therefore, when 
5 the signal level of the amplified signal (0UT2) drops to the 
ground level (VSS), it is detected by the detecting means 
(200) , which increases the drivability through the load 
drivability control means. When the amplifying circuit is 
almost settled and the amplified signal level (0UT2) returns 

10 to the signal level of the node (T2), this is detected by the 
detecting means (200) and . causes the load drivability control 
means (300) to be disabled. 

When the amplified signal level (0UT1) rises to the 
source voltage level (VDD) , it is detected by the detecting 

15 means (200), which increases the drivability through the load 
drivability control means (300). When the amplifier circuit is 
almost settled and the amplified signal level (0UT1) returns 
to the source voltage level, this is detected by the detecting 
means (200) and disables the load drivability control means 

20 (300) . Therefore, when the input signal (IN) changes, the load 
drivability is increased to reduce the settling time, and when 
the input signal (IN) does not change, the power consumption 
is minimized. 

As described above, according to the present invention, 
25 when there are changes in input signal level (IN), it is 
detected, and causes the load drivability control means to 
increase the load drivability and to reduce the settling time, 
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and when there is no change in the input signal level, it is 
also detected and causes the load drivability control means to 
be disabled, resulting in smaller power consumption. 

Although the technical idea of the present invention has 
been described in detail in connection with preferred 
embodiments, it should be obvious that various modifications, 
additions and alterations may be made to the invention by 
those skilled in the art without departing from the spirit and 
scope of the invention as defined in the appended claims. 
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